The aim of this research was to evaluate texture, color, and sensory parameters of low-sugar gooseberry jams with added black chokeberry, elderberry, Japanese quince, flax seeds, wheat germ, and inulin. The jams were stored at two temperatures of 10 ∘ C and 20 ∘ C. The highest gel strength ( ) was recorded in the jams with wheat germ (2.75 N), flax seeds (2.74 N), and inulin (1.95 N). The brightest color ( * ) was noted in the gooseberry jams enriched with flax seeds and wheat germ, while the darkest color was noted in those with added black chokeberry and elderberry fruit. In the sensory evaluation, the gooseberry jam without plant ingredients, along with the products enriched with black chokeberry, elderberry, and inulin, scored high at almost 5 on a 5-point scale. The remaining jams had scores of 4.4-4.8 points. Cool storage of jams had a better effect on color and texture, while sensory features were affected to a lesser degree.
Introduction
The implication of increasing knowledge about the impact of individual food components on human health is a modification of nutritional recommendations. According to the latest nutritional recommendations, vegetables and fruits should form the basis of our diet [1] [2] [3] [4] . These raw materials provide many valuable constituents such as vitamins, minerals, and polyphenols, reducing the risk of cardiovascular disease and cancer. As was reported by numerous studies, berries in particular are a very good source of health-promoting compounds [5] .
Gooseberry is one of the berry species that contains numerous biologically active compounds [6] . It is grown mainly in Europe and its largest producers are Germany, where its production amounted to 83 thousand tonnes in 2016; Russia, with 66 thousand tonnes; and Poland, with 12 thousand tonnes [7] . Gooseberry belongs to the category of seasonal fruits; therefore, in order to prolong its availability it is mainly processed into jams, jellies, and juices [8] .
Jams are made by combining sugar, pulp, and/or puree from one or more types of fruit, water, and gelling agents [9] . Due to the increasing number of health problems occurring in society, caused by obesity, metabolic syndrome, and diabetes, the demand for the products with reduced calorie content has increased on the market [10] . Therefore, particularly low-sugar jams, in which some of the sucrose has been replaced by sweeteners (e.g., sorbitol, xylitol, or steviol glycosides), are valued by consumers [11, 12] . Steviol glycosides are natural sweeteners, which, apart from their sweetening properties, exhibit antioxidant, antibacterial, and antiviral effects [13, 14] .
The functional food market is developing very dynamically. In 2015, this market generated a global revenue of 129 billion US dollars and is projected to reach 250 billion US dollars by 2024 [15] . Such a large demand for this type of food is reflected in numerous studies conducted, among others, on the enrichment of jams with health-promoting components [12, 13, [16] [17] [18] . The valuable bioactive compounds are polyphenols, including anthocyanins, occurring, i.a., in chokeberry and black elderberry. Anthocyanins from these 2 Journal of Food Quality raw materials, as natural colorants, give the products an attractive appearance. In addition, raw materials abundant in natural fiber, including flax seeds and wheat germ, are used in functional foods. Fiber reduces the level of blood glucose and cholesterol [19] as well as protecting against colon cancer [20] . It also has valuable technological properties, as it prevents syneresis, and improves the texture and sensory properties of food [21] . Inulin, the prebiotic with textureforming properties, is a special type of dietary fiber [10, 22] .
Color is one of the most important quality parameters of jams; it is closely related to the perception and reception of the product [16, 18, [23] [24] [25] . This parameter is evaluated first during purchase and is fundamental for the consumer acceptance or rejection of the product. Changes in the color of jams are caused by many factors, mainly pH, metal ions, temperature, light, oxygen, enzymes, and sugars and their degradation products [26] , as well as storage conditions [18, 27, 28] . Therefore, color assessment should be performed and may be accomplished visually, by a trained panel and/or instrumentally. The instrumental color measurement is repeatable and enables the preassessment of the extent of the colorants' transformation in the product. This measurement may be particularly helpful for storage tests. On the other hand, the visual assessment of the color allows for the assessment of the whole product, the structure of which is often nonhomogenous [29] .
The texture significantly affects the final assessment of the product [30] . Improper texture can make the product unacceptable to the consumer, even if it tastes very good. Texture feeling is perceived by the consumer as an assessment of product freshness, for example, bread crispiness, vegetable hardness, or jam spreadability. In turn, the lack of these features suggests poor quality and may make the product unacceptable [31, 32] . Numerous reports confirm that jam consistency depends on the amount and type of sweeteners, gelling agents, and fruit flesh [13, 33] . One of the methods used to assess jam structure is its evaluation by a trained sensory panel. However, the instrumental measurement of texture profile, including hardness or adhesiveness, allows for an objective evaluation of this parameter and a comparison of the changes occurring in texture [34] .
A number of studies have been conducted concerning texture assessment and the sensory characteristics of fruit jams [16, 18, 33, 35, 36] . However, gooseberry fruit, despite its high nutritional value and attractive sensory characteristics, is very rarely used as a raw material for making jams. The aim of this study was the enrichment of gooseberry jam with prohealth ingredients as well as its evaluation immediately after production and throughout a one-year storage at two temperatures (10 ∘ C and 20 ∘ C). The novel approach of the presented research was the evaluation of the effect of adding elderberry, Japanese quince, flax seeds, wheat germ, and inulin to gooseberry jam on the texture, color, and sensory attributes of the jam. The jams were produced from frozen fruits. Fully mature (with an even color, intensive taste, and aroma) and fresh fruits (immediately after harvest) were sorted and washed, rejecting inedible parts. Gooseberry fruits were frozen whole. The freezing of gooseberries included the following operations: sorting to eliminate damaged and poorly colored fruit, washing and on sieves to remove water before freezing. The fruits of chokeberry, elderberry, and Japanese quince were homogenized prior to freezing. The fruits were then frozen on trays in a freezing chamber at −40 ∘ C. After freezing, products were packed into polypropylene bags, approved for food production use, and freeze-stored in a freezing chamber at −30 ∘ C for a month, until needed for jam production.
Materials and Methods
Flax seeds (Oleofarm, Wrocław, Poland), ground and defatted, were added in the form of ground seeds obtained due to the process of deffating. Wheat germ, derived from wheat grains, were purchased directly from the producer (Sante, Warszawa, Poland). An inulin Orafti GR preparation (BENEO-Orafti, Mannheim, Germany) with DP ≥ 10 was also added to the jams.
The following ingredients were also used in the production of jams: sucrose, steviol glycoside (Bio Nature24, Warszawa, Poland) as a partial sucrose replacement, citrusapple pectin (NECJ-A2, Naturex, Avignon, France), and citric acid (Chem Point, Kraków, Poland). Steviol glycoside was added at a ratio of 200 mg/1000 g of the product, which allowed for partial sucrose replacement and a reduction in the jams' caloric value.
Production of Jam.
Fruit comprised 50% of the mass of the final product. It was assumed that the extract content in jams will be 30% (measured by a refractometer) and that the total acidity will be at the level of 1 g of citric acid/100 g of the product. The total acidity, calculated per citric acid, was determined by a titration method. Jams were prepared in the following variants: (viii) GI: gooseberry jam containing 10% (w/w) of inulin.
All the jams with plant ingredients were sweetened with sucrose and steviol glycoside. Two technological repetitions were made from each variant of the jam. After weighing the ingredients according to the formulations given in Table 1 , the fruits together with sweeteners and water were cooked in an open pan until there was a refractometric extract of about 35% and sugar saturation of the fruit (20 min, 103 ∘ C). Then, a gelling agent solution (4%) was added and all the ingredients were thoroughly mixed. After that, the mixture was cooked for about 3 min and finally citric acid was added. The whole mixture was then stirred again. The jams obtained were poured into unit packages (glass jars; 0.2 L), pasteurized at 82-85 ∘ C for 15 min, in a water bath pasteurizer. After pasteurization, the jams were cooled to 20 ± 2 ∘ C. The applied parameters of jam pasteurization were established based on own research [37] and information from fruit and vegetable processing plants, which are producing jams and apply for many years such parameters in preserving such products.
2.3.
Storage of the Jams. Jams were stored at cool temperature (10 ∘ C) and at room temperature (20 ∘ C) until the analyses. They were analyzed immediately after manufacture and after 6 and 12 months of storage.
Texture Analysis.
Analysis of jam texture was performed, following Genovese et al. [38] , by means of a TA-XT2plus texturometer (Stable Micro Systems, Surrey, England). The following conditions were applied: compression rate of 2 mm/sec, the P/20 probe (20 mm in diameter) moving to a penetration depth of 20 mm, and a trigger force of 1 g. Before the analyses, the samples were conditioned at room temperature. Every sample was analyzed in five replications, using five different unit packages of jam. Jam texture was established using the following texture indicators: (N)-gel strength (force at a point in the initial stage of penetration, where little deformation has occurred), FR (N)-rupture force (the rupture point of the gel), E (N s)-energy of penetration (area under the first pick), and A (N s)-adhesiveness (area under the negative region of the curve). The , FR, and parameters refer to the hardness of the gel, while the parameter indicates its tendency to adhere to different surfaces. The results were calculated using Texture Exponent software (Stable Micro Systems, Surrey, England).
Instrumental Color Analysis.
Measurement of upper surface color was carried out with the use of Konica MINOLTA CM-3500d equipment (Konica Minolta Inc., Tokyo, Japan) with reference to illuminant D65 and a visual angle of 10 ∘ . The results were expressed using the CIE ( * * * ) system [39] . The established color parameters were as follows: * (lightness)-0 is black, and 100 is white;
* redness (+) greenness (−); * yellowness (+) blueness (−); and * -the color saturation value (chroma) as well as h o -the hue angle. There were five replicates for each sample. Color differences (Δ * ) between samples were calculated according to the CIE formula [39] :
2.6. Sensory Evaluation. Sensory evaluation was carried out by a panel of 15 subjects, fulfilling the requirements for sensory sensitivity according to the requirements of ISO 3972 [40] under ISO 6658 [41] recommended conditions. The samples were evaluated using a standard five-point scale from 1 (the lowest grade) to 5 (the highest grade) (for a detailed description, see Supplementary material available here). The individual quality features were evaluated using significance factors: external appearance of the product surface (syneresis)-2; structure (disposition of fruit parts in the content of jam)-3; color-4; consistency-3; aroma (type and desirability)-4; and taste (type and desirability)-4. These factors were determined based on the opinion of panellists, whose experience in sensory evaluation and profound acquaintance with this type of product were acknowledged. The samples stored at 10 ∘ C were taken out 4 hours prior to evaluation.
Statistical Analysis.
The results referring to texture and color parameters were analyzed statistically using a two-factor analysis of variance (factor I-type of jam, factor II-storage), while those for sensory evaluation were analyzed by means of a one-factor analysis on the basis of the Snedecor test and Student's -test. The least significant difference (LSD) was calculated at a probability level of < 0.05. The Statistica 12.0 program was applied (StatSoft, Tulsa, USA).
Results and Discussion

Texture Analysis.
Pectin is the main factor determining jam consistency and its content and type have an effect on gel hardness [42, 43] . Thus, in order to assess jam hardness, the values of gel strength ( ), rupture force (FR), and energy of penetration (E), referring to gel hardness, were measured, along with adhesiveness (A).
Immediately after manufacture, the values of gel strength in the investigated jams were within the range of 1.04-2.87 N ( Table 2 ). The hardest jams were those with added flax seed (2.87 N), wheat germ (2.59 N), and inulin (2.34 N). In the remaining products, the value did not exceed 1.70 N. In turn, the rupture force (FR) ranged from 1.41 to 4.12 N and was the highest in the jams enriched with wheat germ and flax seed (Table 2 ). These findings are consistent with those of Raj et al. [44] , who enriched papaya jam with whey, which incorporates proteins in the jam, as was the case when adding flax seeds and wheat germ. These compounds, as exhibiting both gelling properties and the capability of water retention, increase hardness.
Throughout storage there were different tendencies in the level of value, depending on the plant ingredients used and the storage conditions. In comparison with the sample taken immediately after production, after a 6-month storage period the gel strength decreased on average by 7-12%. This could be due to the decomposition of pectin compounds by the acids present in the product and consistency relaxation, which was also reported by Morris et al. [45] and Korus et al. [37] . After 12 months of storage, the level of Fe value increased by 2-12%, compared to the nonstored samples, which could have resulted from the degradation of cellulose to the soluble fiber. Jams stored at lower temperature were generally harder, both after 6 and after 12 months of storage. A similar trend was observed for the FR parameter when measuring the rupture force of the jam. The FR value, which decreased by 9-16% in the first stage of the storage period, then increased by 1-11%, compared to the samples analyzed directly after manufacture. After a year's storage, the highest values of and FR parameters were shown by the jams coded GWG and GF (Table 2 ). According to Raj et al. [44] , the hardness of the papaya jam with added whey increased after 60 days of storage at room temperature. In contrast, Korus et al. [37] reported that the gel strength of bilberry jams with herbal additives decreased after 8 months of storage. On the other hand, Kopjar et al. [43] revealed that the hardness of lowsugar strawberry jam decreased after two weeks of storage and then increased. After 6 weeks, the hardness of these jams was 19% higher than the initial value. As the authors claim, such behaviour results from various mechanisms of gel formation.
Energy of penetration (E) of the nonstored gooseberry jams was in the range of 13.27-33.58 N s, depending on the applied plant ingredients (Table 2 ). In comparison with the jam without plant ingredients (control), the increase in the value was the highest in gooseberry jams with added wheat germ, flax seed, and inulin, by 96%, 84%, and 40%, respectively. During storage, as with and FR values, the level of the parameter decreased, on average by 8-11%, after 6 months, and after 6 successive months it increased by 11-16%. The storage temperature significantly affected ( < 0.05) the energy of jam penetration; the value was lower at higher storage temperature. Storage conditions, particularly temperature, have a substantial effect on pectin depolymerization, as was also reported by Morris et al. [45] .
The adhesiveness of nonstored gooseberry jams ranged between −0.71 and −1.86 N s ( Table 2 ). Compared to the control (G0), adding black chokeberry, elderberry, and Japanese quince to gooseberry jam led to a decrease in the examined parameter; the largest (35%) change was in the GE jam. A reduction in the parameter was also observed in the GS jam, in which a part of the sucrose was replaced with steviol glycoside. In contrast, the addition of flax seeds, wheat germ, and inulin caused an increase in the adhesiveness of the investigated samples by 7-69% compared to the control sample. This is due to the fact that flax seeds contain protein and fiber, while mucus and proteins also occur in wheat germs. These compounds have good hydrophilic properties, since they can bind several to a dozen or so times more water compared to their mass. Inulin, as a constituent of dietary fiber, also has the ability to bind water and create gels. At the beginning of the storage period, the value of the parameter determined in gooseberry jams decreased by 8-11% compared to nonstored samples and then increased by 10-18%, depending on the storage temperature. Korus et al. [37] observed a decrease in the adhesiveness of bilberry jams after 8 months of storage, while Raj et al. [44] observed an increase in this parameter in the whey-enriched papaya jams stored at room temperature for 60 days.
It is difficult to determine accurately the mechanisms and the potential reasons for the differences in these parameters in the evaluated products, since jams are a multicomponent system. As it was with the strength/hardness of the gel, an observed decrease in adhesiveness could be related to the degradation of pectin, which, under the influence of temperature and pH, undergo depolymerization [45] . In turn, an increase in hardness after 12 months of storage could be a result of the polymerization of low-molecular-weight compounds or the interaction between jam components [46, 47] . For example, polyphenols can interact with many food components, for example, with protein, strengthening its structure [48] . Kopjar et al. [43] reported a decrease in the firmness and consistency of strawberry jam stored at 4 ∘ C for two weeks and an increase in the values of these parameters after 4 and 6 weeks of storage, which the authors explain by citing the different mechanisms of gel formation through the reactions of different types of pectin. An increase in adhesiveness after 12 months of storage could in turn be the result of changes in carbohydrates.
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Patel et al. [49] , during the 9-month storage of the bananapineapple blended jam, observed an increase in the contents of both total sugars and reducing sugars, which they attributed to the breakdown of insoluble polysaccharides into simple sugars. The results of texture analysis obtained during short-term (6 weeks) experiments [43] and longterm (12 months) studies presented here suggest that the texture of jam is not a stable system; in such a system, changes occur dynamically, even during a one-year storage period.
Instrumental Color Analysis.
Color is one of the fundamental criteria for the visual assessment of jams. In gooseberry jams, directly after manufacture, the * parameter determining color brightness fluctuated between 24.63 and 50.44 (Table 3 ). The addition of black chokeberry and elderberry to jams caused the largest decrease in the * value, by 39% and 34%, respectively, when compared to the control sample without plant ingredients. These jams were characterized by the darkest color resulting from the anthocyanin-rich fruit additives.
* values determined in gooseberry jams with added elderberry and black chokeberry were similar to those reported by Rababah et al. [50] in cherry jam (27.51) and by Wojdyło et al. [51] in strawberry jam enriched with chokeberry fruit (27.92) . In turn, the jam enriched with flax seeds and wheat germ, the color of Journal of Food Quality 7 which was lighter than the control sample by 25% and 19%, respectively, proved to be the lightest of the examined jams. The brightening of these samples could have been due to the addition of light-colored plant additives such as wheat germ and flax seeds (3% w/w). Similar lightening of jams was reported by Grigelmo-Miguel et al. [52] after adding peach fiber to strawberry jam. In the remaining gooseberry jams, the value of the * parameter was close to that of the control sample.
During jam storage, a gradual decrease in the * parameter was observed resulting in the products' darkening. After a 6-month storage period at cool temperature, the decrease in lightness was greatest in the GCh and GE jams. Jams stored at a higher temperature were generally darker in color, which deepened with storage time. Similar trends were observed by Wicklund et al. [25] . Changes in the color of anthocyaninrich jams are not only caused by Maillard's reaction. They mainly result from transformations of anthocyanins, which, in addition to browning, also increase the yellow coloration, which was confirmed byŚcibisz et al. [53] . On the other hand, Maillard's reaction and the products of nonenzymatic browning occurring during storage have the greatest effect on the color of jams with low anthocyanin content [54] .
In the samples examined immediately after production, the value of the * parameter was in the range of 6.28-12.19 (Table 3) . Enrichment of gooseberry jam with plant ingredients reduced the value of the * parameter, compared to the control, which indicates a reduction in the proportion of the red color. The greatest decrease was observed after adding black chokeberry (48%) and elderberry (20%). The value of the * parameter fluctuated over the period of the jams' storage. After 6 and 12 months of storage, the increase in the proportion of red color was generally slight. AbdelHady et al. [26] and Wojdyło et al. [51] also recorded changes in the * parameter during the storage of strawberry jams, depending on the additives applied. Table 3 shows the values of the * parameter, which were within the range of yellow coloration (0.37-18.10). The lowest values were found in jams with added black chokeberry (0.37) and elderberry (1.76). On the contrary, the highest yellow coloration was observed in the jams containing flax seeds (16.75) and wheat germ (18.10), which is a natural consequence of the color of these ingredients. Throughout the storage period, the proportion of yellow color increased depending on temperature and storage time, on average, by 38% (10 ∘ C) and 40% (20 ∘ C), respectively, when compared to the control sample. Rababah et al. [50] , who examined cherry jams, also found a larger increase in the * parameter in the products stored at higher temperatures.
The lowest value of the * parameter was determined in fruit jams enriched with black chokeberry (5.89) and elderberry (9.92), which were darkest among the evaluated jams ( Table 4 ). The remaining jams were characterized by saturated color (17.08-21.38), which is perceived by the human eye as a vibrant color. During storage, the * value was generally higher at cool temperature than at room temperature.
In gooseberry jams, the value of the h ∘ parameter was within the yellow coloration range (46.09-58.15). The exceptions were the black chokeberry and elderberry jams, for which the h ∘ value was within the red-purple coloration range. This, in turn, means that the h ∘ value was the lowest in the jams coded GCh (3.16) and GE (10.19) (Table 4) . In all the jams, this value increased with storage time and was higher in those stored at room temperature compared to those stored at 10 ∘ C. This indicates the degradation of red pigments and the shift towards yellow coloration. Pinelli et al. [55] also noted an increase in the h ∘ parameter of strawberry jams after 120 days of storage.
The color difference (Δ * ) between two samples determines color perception by a human observer. Color difference can be interpreted as follows: 0 < Δ * < 1-difference in color is visually nonrecognizable by a standard observer; 1 < Δ * < 2-the difference is visually recognizable only by an experienced observer; 2 < Δ * < 3.5-the difference can be visually recognized by an inexperienced observer; 3.5 < Δ * < 5-every observer can easily see the difference; and Δ * > 5-an observer recognizes two different colors [56, 57] . In the examined gooseberry jams, the smallest differences in color were recorded between the jam without plant ingredients (G0) and jams coded GS, GJ, and GI; however, these were visually recognizable by an inexperienced observer (Table 4 ). In contrast, in the remaining cases, the differences were significant and thus recognized by every observer. In nonstored jams, the highest Δ * value referred to the jam with added chokeberry (20.85). Throughout storage, color differences (Δ * ) were visually recognizable in all samples.
Sensory Evaluation.
Sensory features are one of the determinants of a consumer's choice of food. Sensory evaluation of gooseberry jam was conducted using the 5-point scale. Immediately after manufacture, the highest values (4.9-5.0 pts) were scored by the jams without plant ingredients (control), those partially sweetened with steviol glycoside and those enriched with black chokeberry, elderberry, Japanese quince, and inulin (Table 5 ). Slightly lower scores (4.7) were achieved by the jams with added wheat germ and flax seeds due to the floury aftertaste of wheat germ as well as color deterioration, which was estimated to be 22-26% compared to the control sample.
The sensory quality of the examined jams was decreasing during storage, except in the case of the jam with added black chokeberry, which scored the highest value (5.0 pts) during the whole storage period, that is, after 6 and 12 months. Similar trends were noted by Abdel-Hady et al. [26] , who reported a decrease in the sensory properties of strawberry jam throughout storage. However, adding purple carrot puree had a substantial effect on the color stabilization in the jams during their manufacture and storage. The coolstored samples of gooseberry jam were characterized by better sensory quality. Numerous scientific reports confirm the substantial effect of temperature on the quality of final products during storage [53, 58] . In all the analyzed samples, there was no syneresis on the surface and fruits were evenly distributed in the whole mass which was reflected in the high Values are presented as mean value ± SD ( = 5). a Sample: G0: gooseberry jam without plant ingredients, with only sucrose as a sweetener, GS: gooseberry jam without plant ingredients, with sucrose and steviol glycoside as sweeteners, GCh: gooseberry jam containing 15% (w/w) of black chokeberry, GE: gooseberry jam containing 15% (w/w) of elderberry, GJ: gooseberry jam containing 8% (w/w) of Japanese quince, GF: gooseberry jam containing 3% (w/w) of ground flax seeds, GWG: gooseberry jam containing 3% (w/w) of wheat germ, and GI: gooseberry jam containing 10% (w/w) of inulin.
b LSD < 0.05 for Sample (I), Storage (II), and Interaction (I × II).
scores for these indicators. The jam without plant ingredients (control sample) and the jams enriched with plant-derived raw materials exhibited intense aroma, very good taste, and intense color and achieved final scores ranging from 4.6 to 5.0 points. The taste and aroma of the jams containing flax seeds and wheat germ were scored slightly lower, within 4.4-4.5 and 4.0-4.6 points, respectively. These jams, however, had the worst color, with a brownish coloration, which influenced the low rating for this sensory indicator (3.5-3.7 pts). GrigelmoMiguel et al. [52] observed a similar change in the color of strawberry jams with added peach fiber during their storage. As the amount of fiber added to strawberry jam increased, their color was more and more dark.
Conclusions
The investigated gooseberry jams, which were enriched with plant ingredients showing prohealth properties, can be a valuable supplement to a diet as they meet the current demand for healthy food. Moreover, in such jams, the partial replacement of sucrose with steviol glycoside enables energy value reduction; such products, in turn, enjoy great popularity among consumers. Assessments of texture parameters, color, and sensory attributes by means of instrumental methods as well as by a trained sensory panel make it possible to determine a product's acceptability for consumption. The texture of gooseberry jam weakened in the first half of Table 5 : Sensory quality of gooseberry jams, scale of 1 (low quality) to 5 (high quality). storage, after which it increased in the samples examined after a 12-month storage period. The analyzed jams achieved very high scores in the sensory evaluation immediately after production (4.7-5.0 pts) and slightly lower ones after 12 months of storage (4.4-5.0 pts). Therefore, it can be said that the enriching plant ingredients (black chokeberry, elderberry, Japanese quince, flax seeds, wheat germ, and inulin) can be a valuable supplement to this type of product. At the same time, it should be emphasized that jams should be cool-stored and, in the case of jams with added flax seeds and wheat germ, it would be advisable to shorten their storage time to 6 months.
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